Whilst working at the subject of clonus, I have found, as previously stated,1 that it varies in time considerably in different muscles. Thus the knee clonus I have found to be, for the most part, more rapid than the ankle, the elbow more than the knee, and the head most rapid of all. The elbow and head clonus I have timed in healthy individuals, in most of whom they can readily be induced by a little practice. The knee and ankle clonus I have studied in diseased as well as in healthy cases.
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Whilst working at the subject of clonus, I have found, as previously stated,1 that it varies in time considerably in different muscles. Thus the knee clonus I have found to be, for the most part, more rapid than the ankle, the elbow more than the knee, and the head most rapid of all. The elbow and head clonus I have timed in healthy individuals, in most of whom they can readily be induced by a little practice. The knee and ankle clonus I have studied in diseased as well as in healthy cases. I have suggested that the cause of the differences in the rapidity of those clonic contractions lies in the differences in the distance of the muscles concerned from their nerve centres in the spinal cord,?the muscles concerned in the production of ankle clonus being furthest distant from their nerve centres, those engaged in the production of the head clonus being the least. On the assumption that clonus is a reflex phenomenon, and that the time required for a reflex act in the cord and for the latent period of muscle is always the same, the greater the length of the nerve the slower will be the clonus. But now it must be noticed that clonic contractions need not be reflex, and that they may vary very much as regards rapidity in the same muscle; e.g., in epilepsy the stage of tonic contraction is followed by one of clonic, and the time of occurrence of these latter varies apparently indefinitely. This is very well seen in a tracing which I have obtained through the kindness of Dr Affleck from a patient in the Royal Infirmary. The case is one of Jacksonian epilepsy affecting the left arm, and the tracings were obtained by means of Marey's tambours, the receiving one being applied to the extensor surface of the forearm. As can be readily understood, a good tracing of muscular contraction is not easily obtainable in a case of this kind. The movements of the limb, at times even violent, cannot readily be followed. Still, the one which I show is sufficient for our purpose. In it we recognise that at first the line is almost straight, denoting tonic contraction; then it presents clonic, the rapidity being about 8 or 9 per second; then more violent, but at the same time less rapid, clonic contractions appear, and we can here and there notice that between the violent and slower clonic contractions there are less violent but more rapid ones. Finally, we can notice these large contractions becoming smaller, and the intervals between them lengthening, till they cease altogether.
Again, in the gastrocnemius of the frog we can easily get an example of clonic contractions varying as regards rapidity. If we connect this muscle with a weighted lever, we can, by stimulating it, either directly through the sciatic nerve, or reflexly, produce clonus if we use an interrupted current in strength slightly less than what is required to produce tonic contraction.
Here the explanation seems to be, that just as water made to flow through a tube will fall in a continuous stream when the head is great, and will fall in drops at longer and longer intervals as the head falls, so will a stimulus applied to the spinal cord, nerve, or to muscle directly produce tonic contraction when the irritability is great, and clonic contractions with intervals becoming longer and longer as the irritability becomes exhausted.
It will thus be seen that the rate of clonic contractions may vary in the same muscle. Into the production of the clonus to which this paper applies other elements probably enter.1 It may, however, be represented by the first clonus on the tracing, i.e., the most rapid which can be induced in a given muscle. detail let us devote a few minutes to the consideration of what results we should theoretically expect.
In the first place, then, let us suppose (speaking roughly) that the distance between the muscles concerned in the production of ankle clonus and their spinal centre is 1 yd. in individuals a little over 6 ft. in height, whilst in individuals a little over 5 ft. in height let us suppose it to be 2 ft. Let us further suppose that the nerve impulse travels at the rate of 120 ft. per sec., that the latent period of muscle contraction is s'o sec., and that the time required for a reflex act is to?o sec.1 Then Tfo sec. + sec. + ts sec. tVo sec., and tio sec. + -so sec. + to sec. = TVo sec.
In this way, if our data are correct, the rapidity of the ankle clonus in an individual 6 ft. in height should be YV? = 5-8 per sec., whilst that of one about 5 ft. in height should be W? = 6'5 per sec.. The difference is in this way very slight; and when we reflect on the many and diverse ways in which the rapidity of nerve impulses, the time required for reflex action, and the latent period of muscle contraction, may be influenced, we might reasonably enough expect that our investigations should yield results too discordant to be of any value. Let us, however, examine them.
In individuals varying in height between 6 ft. and 6 ft. 4 in. (10 cases) the average clonus was 5-84 per sec., the lowest being 5, and the highest 6-75 per sec.
In individuals between 5 ft. 6 in. and 5 ft. 11 in. (29 cases) the average was 6*48 per sec.; the lowest being 5"7, and the highest 7'4 per sec. In individuals between 5 ft. and 5 ft. 5 in. (9 cases, of which 2 were females) the average was 691 per sec.; the lowest being 6'7, and the highest 7'2 per sec.
In two cases, females, of 4 ft. 11 in. in height, the clonus was 7"8 and 7'3 per sec.; and in one child, suffering from paralysis, in the Children's Hospital, in height about 4 ft. 6 in., the clonus was 7-8 per sec.
A study of these results in this way shows, I think, that the theory with which we started is in the main correct, i.e., that, cceteris paribus, the rapidity of the clonus bears an inverse proportion to the height of the individual. That there should be great differences in individuals of the same height is, of course, to be expected. We know that the rate of cerebral processes varies, as evidenced, perhaps best of all, by the fact that the " cerebral equivalent " requires to be obtained for men engaged in astronomical work, and we may be certain that the " spinal equivalent" will present corresponding variations. To have discussed this point would have required a much greater number of observations. I have no hesitation, however, in saying that individuals of the so-called nervous temperament have a rapid clonus as com-pared with those who appear phlegmatic; and it appears to me, also, that men who take part in athletic sports have a more rapid clonus than their physically less active neighbours. The influence of sex I can say almost nothing about, but I feel sure that as age advances the clonus tends to become less rapid. "case's. 
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7-0 7-4 6-4 6-33 7-0 6-75 6-25 7-5 6-7 6-25 6-82 6-0 7*0 6-2 61 6-75 6-7 6-8 7-0 7-0 725 72 7-2 6-75 Dr Byrom Bramwell said lie was sure the Society felt much indebted to Dr James for working out the results he had brought before them. The question of clonus had given rise to much debate, some thinking it was purely reflex, others that it was direct, the action being entirely muscular, while a third view, held by Gowers, was that it was a combination of nervous and muscular action. Dr James's paper indicated that there was an important nerve-influence at work in bringing out these conditions. If his facts were confirmed?and they knew how painstaking and accurate Dr James was?they showed that the condition was a purely reflex one, independently of any combination such as Gowers had supposed. Numerous contradictory measurements of the time required for the production of the ankle clonus and knee-jerk had been published by different observers; but he thought investigations made by the same man under different circumstances were more reliable for comparison than those made by different observers, each acting under the same circumstances with regard to himself, but different as regards his fellows. Dr James had pointed out, at the end of his paper, that there was not much room for discussion. It was very much a matter of fact, but the working out of those facts must have cost him much time and trouble.
Dr Ireland was well pleased to hear Dr James's paper. The subject was one of considerable clinical importance. The mere question whether the phenomenon was due to the direct action of the muscle or to the reflex action of the cord did not bear exactly on the pathognomonic significance of the knee-jerk. If he recollected rightly, Dr Eulenburg had made experiments, taking the knee-jerk, in which he came to a different conclusion from that of Dr James. He allowed time for the various acts of the phenomenon, as Dr James had done, and the conclusion he arrived at was that no time was left for reflex action to come in?that the phenomenon occurred in too short a time to allow of the spinal cord being called into play. At the same time, he was far from saying that these calculations destroyed the value of Dr James's experiments. He believed that observations similar to those of Dr Eulenburg had been performed by other investigators, who made different calculations and arrived at different results. If we considered the great difficulty of timing the different acts that went to make up the phenomenon, this was not to be wondered at. We were very much in the power of these gentlemen, and these figures required to be checked. He had no doubt that in going over Dr James's figures they would find no flaw. His method was much better than that adopted by the German observer. His tract?from spinal cord to ankle?was much longer, and it was evident that in the very small time given accuracy would be better obtained by increasing the length of tract.
He thought that if the experiments were confirmed they would establish that clonus was of a reflex character. He believed that Westphal was in great doubt himself as to the nature of these movements.
Dr Duddingston Wilson wished to ask, supposing that the phenomenon was purely muscular, would the length of muscle have any influence on the calculations ? Dr James was gratified to find his paper so well received. There was a considerable amount of dispute as to the cause of ankle clonus, knee-jerk, and other apparently allied phenomena.
The observations tended to show that the ankle clonus was reflex.
The knee-jerk he did not discuss, and it might be that it was direct as was thought, that the action was of the muscle alone. The ankle clonus was, on the other hand, entirely reflex. He was aware that other observers had not found so much difference between the knee and the ankle clonus. Waller said that the time occupied in the performance of the two was the same. This he found to be the exception, and not the rule. The nearer the muscles to the cord, the more rapid the clonus. In two cases lie had examined the knee clonus was less rapid than the ankle. One of these was in the person of a bicyclist, in whom, probably, the reflex functions of a certain set of muscles were more active than those of another set less used. He never, in a case of disease, found the ankle clonus more rapid than the knee. He had thought over the length of the muscle several times, and had come to the conclusion that it was not of consequence in connexion with clonus. Gowers had found the clonus as rapid as ankle clonus.
